Abstract. We establish the blow-up of solutions to the Kirchhoff equation of qLaplacian type with a nonlinear dissipative term
Introduction. We consider the initial boundary value problem (IBVP) for the nonlinear Kirchhoff equation of q-Laplacian type (P)
2 )Au + |u t | β u t = |u| p u, x ∈ Ω, t > 0, u(x, t) = 0, x ∈ ∂Ω, t ≥ 0, u(x, 0) = u 0 (x), u t (x, 0) = u 1 (x), x ∈ Ω, where
p > −1, β > −1, q > 1 and l > 1 are constants, M : R + → R + is a continuous function and Ω ⊂ R n is a bounded domain with boundary Γ so that the divergence theorem can be applied. When M ≡ 1, Φ ≡ 0 and q = l = 2, for the case of no dissipation (i.e. (P) without the term |u t | β u t ), it is well known that the source term |u| p u is responsible for finite blow-up (global nonexistence) of solutions with negative initial energy (see [3] , [14] , [18] , [19] ). The interaction between the damping term and the source has been first considered by Levine [18] , [19] ; for the case with linear dissipation of the form τ u t (τ > 0), he showed that solutions with negative initial energy blow up in finite time. In [10] Georgiev and Todorova extended Levine's result to the case of nonlinear damping of the form |u t | β u t . This result was generalized to an abstract setup by Levine and Serrin [20] , Levine and Park [21] and Vitillaro [23] . In [17] Messaoudi extended the result of Levine to the situation where Φ = 0.
When Φ ≡ 0 and M is not a constant function, in the case q = l = 2, the equation without the damping and source terms is often called the wave equation of Kirchhoff type; it has been introduced by Kirchhoff [15] in order to study the nonlinear vibrations of an elastic string (in the case l = 2 and q = 2, the equation is called the Kirchhoff equation of q-Laplacian type) and the existence of local and global solutions in Sobolev and Gevrey classes was investigated by many authors (see [7] , [8] , [16] , [6] , [22] , [13] , [9] , [11] , [12] and [4] ).
In [2] Bainov and Minchev studied the blowing up of solutions of the initial boundary value problem for the Kirchhoff equation with source and without damping term. Unfortunately this method does not seem to be applicable (also when l = 2, q = 2 and without damping term; l = 2, q = 2 and linear damping) to the case of more general nonlinear terms.
In the present paper, we investigate the blowing up of solutions of the initial-boundary value problem for the Kirchhoff equation of q-Laplacian type. We shall show that, for suitably chosen initial data, any classical solution blows up in finite time.
We will then extend to the problem (P) the argument introduced in [10] to prove blow-up of solutions of a wave equation with nonlinear damping and source terms. We also extend the results of our previous paper [5] , where q = l = 2 and the dissipative term is linear.
Main result.
In order to state our main result, we make the following hypotheses:
, the solution of (P) blows up in finite time. Proof. We set
By multiplying the equation of (P) by e Φ(x) u t (x, t) and integrating over Ω,
Then it follows from (5) and (2) that
and hence
We then define the function
By using the equation of (P), we arrive at
and by (4) we obtain
where
We observe that
Since it follows from (4) that
and from the Young inequality
for any ε > 0. Therefore (11) takes the form
with α = 1/(β + 2) − 1/(p + 2) > 0 since p > β. Thus, by choosing (13), we easily see, from (9) , that
Now, we define
where α = 1/(β + 2) − 1/(p + 2). Then differentiation of (15), using (5) and (14), yields
where we can take t 0 = 0 if
where we have used the Young inequality in the last step. Moreover, since l 1 − lα < p + 2 (l < β + 2) and (−E(0))
we have, from (9),
) .
Thus, a combination of (16) and (19) leads to
A simple integration of (20) over (t 0 , t) then yields
for some t ≥ t 0 . As L(t 0 ) > 0, (21) shows that L becomes infinite in a time with µ 1 > 0, a 1 (x) > λ 1 > 0, µ 2 > 0 and a 2 (x) > λ 2 > 0 where λ 1 and λ 2 are two positive constants (we can take µ 2 = a 2 ≡ 0 or µ 2 > 0 and a 2 ≡ 0).
Then the lifespan T of the solution satisfies
T ≤ m 0 m 1 (α) −1 L(0) −α/(1−α) ,
